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Abstract
It has repeatedly been found that temperamental inhibition and low academic
achievement are associated with each other: children with cautious and wary or shy
behaviour are at risk for low academic achievement. Several suggestions about the
mechanism behind this association have been made, these highlighting for example,
the fewer learning opportunities of cautious and wary children and more negative
interaction between teachers and inhibited children. However, the empirical studies
about these mechanisms are rare and, thus, they have remained unclear. This study
examined whether children’s maths-related self-concept of ability acts as a mediator between their temperamental inhibition and maths performance. 156 children
(Mage 7.25 years) were followed during the first grade of primary school. Children’s
temperamental inhibition was assessed in the beginning of Grade 1. Their maths
performance was tested twice, in the beginning and at the end of Grade 1, and their
self-concept of ability was measured at the end of Grade 1. The research question
was analysed using structural equation modelling. The results showed that children’s
self-concept of ability did mediate the association between temperamental inhibition
and maths performance at Grade 1: that more inhibited children feel they are less
capable and competent in maths than less inhibited children, and this contributes to
their poorer maths performance. The findings highlight that it is important for teachers and other practitioners to be aware of this effect of temperamental inhibition on
self-concept and put effort on promoting positive views of children’s competencies
and abilities.
In memoriam. Jari-Erik Nurmi has passed away.
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1 Introduction
It is well established that temperamentally inhibited children (i.e., children with
cautious, wary and shy behaviour) are at risk for low academic achievement (Rubin
et al. 2009). However, less is known about the mechanisms behind the relation
between inhibition and academic performance (Hughes and Coplan 2010). Some
suggestions have been made about the importance of students’ self-evaluative judgments. For example, temperamental inhibition may affect students’ emotional experiences in school (Lund 2008; Pekrun et al. 2002), which may then influence their
judgments of their own competencies. This negative self-concept of ability (Crozier
1995; Keogh 1986; Martin 1992; Rubin et al. 2009) is then likely to affect students’
school performance. The present study aims to fill the gap in the previous literature
by examining whether children’s maths-related self-concept of ability mediates the
effect of their inhibition with respect to maths skill development during the first year
of primary school.
Temperamental inhibition refers to wary and fearful reactions in stressful situations, such as when facing novel people, places, or objects (Feng et al. 2008).
Closely related concept is shyness, which means feelings of uneasiness, fear or anxiety as reactions when faced with a novel or unfamiliar social situation (Coplan et al.
2004). These concepts are partly overlapping, the main difference being that while
shyness refers to wary and cautious behaviour in social contexts, temperamental
inhibition is evident in new situations in general, in both social as well as non-social
contexts (Dyson et al. 2011). In the present study both social and non-social contexts were included in the measurement and, therefore, the term temperamental inhibition is used.
Temperamental inhibition has been found to be linked to lower levels of academic
performance (e.g. Bulotsky-Shearer et al. 2012), lower literacy skills (e.g. Crozier
and Hostettler 2003), and, in an increasing number of recent studies, lower maths
skills (e.g. Crozier and Hostettler 2003; Dobbs et al. 2006; Viljaranta et al. 2015).
Several explanations have been given for these results. Some scholars have suggested that inhibited students have fewer learning opportunities compared to noninhibited students. For example, because inhibited students are quiet, do not participate, and take a longer time to start and finish their tasks, teachers might not notice
the possible learning-related difficulties of these students (Lund 2008; Thomas and
Chess 1977) and thus not provide the necessary support for learning, which then
impacts on the children’s performance. Inhibited children are also likely to withdraw
from learning opportunities, particularly if they feel uncomfortable (Rubin et al.
2002; Saarni et al. 1998).
Other suggestions, in turn, are related to the role of the teacher–student relationship. For example, students’ temperamental inhibition is likely to play a significant
role in teachers’ perceptions of students’ other characteristics, such as their cognitive
abilities (Hughes and Coplan 2010; Thomas and Chess 1977) and teachability, that
is, a student’s ability to benefit from teaching in the expected way, as perceived by
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the teacher (Mullola et al. 2010). These perceptions can affect teachers’ attitudes
toward students (for a review, see Martin 1989; Guerin et al. 2003), their expectations concerning students’ abilities (Keogh 1994), and even their instructional and
pedagogical practices with respect to certain students (Buchanan et al. 1998; Nurmi
2012; Thijs et al. 2006), thus affecting children’s learning. However, empirical studies examining these mechanisms are rare. In the study of Viljaranta et al. (2015),
teachers’ interactional style with children was found to act as a mediator between
students’ temperamental low task orientation/negative emotionality and maths skill
development, but not between temperamental inhibition and maths skill development. This result raises the question of what the mechanism behind the relationship
between temperamental inhibition and poorer performance could be.
Some scholars have emphasized the role of students’ views of themselves in
temperamentally inhibited children’s skill development: temperamental inhibition
affects students’ emotional experiences in school (Lund 2008; Pekrun et al. 2002),
which affects their self-evaluative judgments of their own competencies. Such a
self-concept of ability (Eccles et al. 1983; Crozier 1995; Keogh 1986; Martin 1992;
Rubin et al. 2009) is then likely to impact students’ school achievement. However,
empirical research on these mechanisms is rare. Consequently, in the present study
we aim to broaden the earlier research by addressing the question whether self-concept of maths ability mediates the negative association between child’s temperamental inhibition and maths performance (Viljaranta et al. 2015) during the first grade of
primary school.

2 Methods
2.1 Participants
The present study is part of the LIGHT study (Aunola et al. 2006–2009), which
focused on the role of teachers and parents in children’s academic skill development
and motivation during the first year of primary school in three medium-sized towns
in Finland (for a detailed description of the study sample, see Viljaranta et al. 2015).
The sample for the present study comprised 156 children (153 at the first measurement point and 156 at the second measurement point; 79 girls, 77 boys; age at the
first measurement point M = 7.26 years, SD = 0.32 years) in regular classrooms as
well as their parents and teachers. Ethical permission for the study was obtained
from the ethical committee of the University of Jyväskylä before the data collection. Prior to their participation, all the participating teachers and parents provided
informed consent to confirm their/their child’s voluntary participation in the study.
The children who participated in the study completed two sets of achievement
tests during the first grade of primary school, one in October (Time 1) and the
other in April (Time 2). The children’s self-concept of ability was assessed during
Time 2 in an individual interview. Mothers (n = 153), fathers (n = 118), and teachers (n = 153) were asked to respond to a mailed questionnaire concerning the children’s temperament during the fall term (October or November; Time 1). All the
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participating fathers and teachers answered questions concerning the children’s temperament. Of the 153 mothers, 149 (98%) answered these questions.
2.2 Measures and procedures
2.2.1 Children’s temperamental inhibition
Each child’s temperamental inhibition was rated separately by his or her teacher
and both his or her parents as part of a larger temperament-related questionnaire
based on the Temperament Assessment Battery for Children—Revised (TABC—R;
Martin and Bridger 1999. For a detailed description of the measure, see Viljaranta
et al. 2015; Hirvonen et al. 2013; Mullola et al. 2010). The teachers reported on
the children’s temperamental inhibition by responding to seven Likert-scale items
(e.g., “The student takes a long time to become comfortable in a new situation”),
while the mothers and fathers responded to eight items (e.g., “My child is shy with
unfamiliar adults”). The Cronbach’s alpha reliability for the created mean scores was
0.90 for the teachers, 0.92 for the mothers, and 0.91 for the fathers.
2.2.2 Maths performance
The children’s maths performance was measured with two tests:
(a) The Children’s Knowledge of Cardinal Numbers and Basic Mathematical Concepts was measured with 11 tasks. In each task, a picture with a set of dots was
presented to the child, and the child was asked to draw a specific number of
dots in a blank space (e.g., “Draw five dots fewer than there are in this picture”;
“Draw four dots more than there are in this picture”). The tasks became progressively more difficult, and there was no time limit. One point was given for
each correct answer (M = 9.30, SD = 1.70 at Time 1 and M = 10.01, SD = 1.50 at
Time 2). This test is part of the Diagnostic Test for Basic Mathematical Concepts
(Ikäheimo 1996).
(b) In the Basic Arithmetic Test, the children’s skills in basic arithmetic were
assessed using a set of addition (e.g., “9 + 3 = __”; “86 + __ = 93”) and subtraction (e.g., “11 – 2 = __”; “57 – __ = 48”) problems. The test included 20 tasks
that were presented on a sheet of paper on which each child wrote his or her
answers in pencil. The children were asked to complete as many of the tasks as
they could without a time limit. One point was given for each correct answer
(M = 6.13, SD = 3.54 at Time 1 and M = 10.07, SD = 3.62 at Time 2).
The total scores for the children’s maths performance at the two measurement points were created by calculating the sum score of the standardized scores
(z scores) for the Knowledge of Cardinal Numbers and the Basic Arithmetic Test
scores. The Cronbach’s alpha reliability for maths performance was 0.85 at the first
measurement point and 0.85 at the second measurement point.
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2.2.3 Self‑concept of ability
Children’s self-concept of ability in regard to maths was measured using a modified version of the scale developed by Wigfield et al. (1997). The scale consisted
of three items (“How good are you in maths?” “How good are you in maths compared to other students in your class?” “How difficult is maths for you?”). The
children first read the question. They were then shown a set of pictures of five
squares of different sizes and asked to point out the picture that best described
their feelings about how good they were in maths and how difficult they found it
(rating 5, picture of a big square = very good/very difficult; rating 1, picture of a
small square = not good at all/very easy). Before administering the test, the procedure was carefully explained to each child. A sum score for maths-related selfconcept was created by calculating the mean of the three items after reversing the
third item. The Cronbach’s alpha reliability for the scale was 0.66.
2.3 Statistical analyses
The research question was analysed using structural equation modelling. In the
tested model, child inhibition consisted of three observed indicators: teacher,
mother, and father reports. First, a model was carried out without self-concept of
ability as a mediator between temperamental inhibition and later maths performance. This model included paths from latent temperamental inhibition at Time
1 to maths performance at Time 1 and Time 2, as well as a stability path from
maths performance at Time 1 to Time 2. Second, a mediation model was carried out, including the direct paths from the children’s inhibition to their maths
performance at Time 1 and Time 2, as well as the indirect path from inhibition to
performance at Time 2 via self-concept of maths ability after controlling for the
performance level at Time 1. In this model, the path from the children’s maths
performance at Time 1 to their self-concept of maths ability was also estimated.
The analyses were performed using the Mplus 7.3 statistical software program (Muthén and Muthén 1998–2016). A maximum likelihood estimation with
robust standard errors (MLR) was used at each step of the analyses. The fit of
the models was evaluated using four indices: χ2(df), Bentler’s (1990) comparative fit index (CFI), the Tucker Lewis index (TLI), and the root mean square error
of approximation (RMSEA). The following results indicated that the model fitted the data well: nonsignificant χ2 test value, CFI and TLI values greater than
0.95, and RMSEA lower than 0.06 (Muthén and Muthén 1998–2012). The means,
standard deviations, and correlations between the study variables are shown in
Table 1.
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Table 1  The means (M), standard deviations (SD), and correlations between the study variables
1
1. Maths skills T1

2

3

4

5

6

1.00

2. Maths skills T2

0.70***

3. Inhibition (teacher)

− 0.17*

4. Inhibition (mother)

1.00
− 0.23**

1.00

0.03

− 0.10

0.35***

1.00

5. Inhibition (father)

0.11

− 0.05

0.28**

0.74***

6. Self-concept of ability

0.22**

0.36***

− 0.22**

1.00

− 0.11

− 0.10

1.00

M

15.41

20.08

2.59

2.72

2.75

4.13

SD

4.44

4.39

0.85

0.96

0.82

0.70

*p < .05; **p < .01; ***p < .001

3 Results
The results showed, first, that children’s temperamental inhibition at the beginning of Grade 1 negatively predicted their subsequent test-measured maths
performance at the end of Grade 1 after controlling for their previous level of
maths performance at the beginning of Grade 1 (standardized estimate = − 0.20,
p < 0.05; see also, Viljaranta et al. 2015). However, after including students’ selfconcept of maths ability in the model (see Fig. 1), the direct effect of student’s
temperamental inhibition on their subsequent maths performance was no longer
statistically significant (standardized estimate =  − 0.15, p = 0.10). Moreover, we

Fig. 1  Students’ self-concept of math ability as a mediator between temperamental inhibition and math
performance [χ2 (4) = 4.37, p = 0.36; CFI = 1.00; TLI = 0.99; RMSEA = 0.02)]. Note 1 Only the statistically significant paths are shown in the Figure. Note 2 ***p < .001; **p < .01; *p < .05. Note 3 T1 = Time
1, beginning of Grade 1, T2 = Time 2, end of Grade 1
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found that the indirect path from students’ inhibition to their subsequent maths
performance via their self-concept of maths ability was statistically significant
(standardized indirect estimate =  − 0.05, p < 0.05): the higher the student’s level
of inhibition, the lower his/her self-concept of maths ability at the end of Grade 1
and, consequently, the lower his/her maths performance, after controlling for the
effect of the previous level of maths performance.

4 Discussion
The present study adds to the previous literature on the mechanisms behind the wellknown association between temperamental inhibition and poor maths performance.
Our results show that more inhibited students at Grade 1 feel that they are less capable and competent in maths than less inhibited students, and this then contributes to
their poorer maths performance.
This finding is important in two ways. First, it implies that the suggestion that
inhibited students don’t receive enough instructions or help in classroom because
of their shy and cautious behaviour, which then affects to their poorer skill development (Lund 2008; Thomas and Chess 1977), is not the only mechanism explaining
the association between temperamental inhibition and poor academic performance.
Our findings suggest that inhibited students really do perceive that they are not able
to do maths-related tasks as well as less inhibited students, and this is then reflected
in their maths performance. It is possible, for example, that more inhibited students
compare themselves to less inhibited students in challenging achievement situations,
which can cause feelings of inadequacy (Kristal 2005). Inhibited students have also
been found to be more sensitive to the environment (Clauss et al. 2014) and therefore may be more vulnerable to negative experiences (Stright et al. 2008) and more
prone to external cues that highlight their failures and inabilities.
Second, this result was found among first-grade students who are just starting
their school career. This negative effect of temperamental inhibition on students’
self-concept and academic performance at an early stage of schooling is alarming
as it is likely to be detrimental to their cumulative skill development. For example, individual differences in maths performance have been shown to increase across
school years, with students who show lower performance continuing to perform
more poorly across time compared to students showing higher performance (Aunola
et al. 2004).

5 Limitations
While the present study shows evidence for the important role of self-concept of
ability in temperamentally inhibited students’ poorer maths skills, there are some
important limitations of the study that need to be taken into account when interpreting the results. First, the sample for the present study was relatively small, and
further research with larger samples and in different educational contexts is needed.
Second, the reliability of the self-concept measures was relatively poor. One factor
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that may have declined the reliability in the present study was the small number of
items measuring each construct (see Wells and Wollack 2003). Finally, there were
only two measurement points in the study, which limits the possibility of examining
the causal relationships between self-concept of ability and maths skills. In addition,
the self-concept of ability was measured only once. Studies with more measurement
points and longer follow-ups are needed to examine how inhibited students’ understanding of their skills actually develops in the classroom over a longer period. By
doing that, it would be possible to gain a deeper understanding of the developmental
processes between temperamental inhibition, children’s self-evaluative judgments,
and maths performance.

6 Conclusions
Overall, teachers and other practitioners should be aware of the possibility that temperamentally inhibited children may feel they are less competent in mathematics
than children who are less inhibited and this, indeed, may then lead to slower skill
development. It would be important to support temperamentally inhibited children
not only by concentrating on enhancing their math skills but also promoting positive views of their competencies and abilities. To do that, it is important to be aware
of children’s individual strengths and needs in order to provide each child optimal
challenges with possibilities to succeed and get positive feedback and, via that, possibilities to develop and maintain positive self-concept of ability. Further research
is needed to examine the extent to which inhibited students have problems in their
interactions with teachers and to what extent are these students especially sensitive
to external cues relating to their actual performance level, in order to better understand the mechanisms behind the association between temperamental inhibition and
their self-concept and math skills.
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